4, KRE(ZIE) HIEND KB EZ A IEN ZAE <

- RE(ZIEN)HIEN

« 1Y —-ERCKDHEL

- HBHEIE5 EI(cons(x),sin(x),log(x))
« Symbolic computation(XFHDE1E)



R AR =% < @ roots

e 2EDORESEER" x2-x-2=(x-2)(x+1)=0"%=f#< :
CDOFAIERIEIX=(x2,xL,x0)TEC=(1,-1,-2)ZFALTCX=0&LECIRTED,
COITHICZRAWTUTORICELS CENTE D,

>> C=[1,-1,-2];
>> roots (C)
ans =

2

-1

o 3EORBAEN"XC+1=0"=##<:
[ER(CX=(x3,x2,x1,x0)T&C=(1,0,0,1)ZFH\TCCX=0&L IR TE B,
CDITHICZRWTU T ORRICERS ZENTED,

>> C=[(1,0,0,171;
>> roots (C)
ans =
-1.00000 + 0.000001
0.50000 + 0.866031
0.50000 - 0.866031



\\J I_I_IE \Y 4
1—Y—TEEDEZ
« XAOVTRIA=ALICRDESICEIMNT B ET., FREOHEBREFEERI DL
N TEB,
function [yl,...,yN] = myfun(x1l,...,xM)
yl =

end

e RTUT MMIRDESICABILUT. “myfun.m”DEeT CIHRF:

#myfun.m

function y = myfun (x)
y = x"2+sin(x)-1;
end

o IRORICEAZITOHE U TERT 3 & h\alEeE:

>> myfun (0) Remark: These commands must be run in the
ans = -1 same directory (folder) as myfun.m was saved.
>> myfun (1) Or you can add the directory where myfun.m

_ exists to Octave’s load path; type “help path” for
ans = 0.84147 details.



ROVUT heENT (TER (FRaREN)
. RHUT NCBIEER U < THRMEOEE LA

>> myfunl = @(x) (x"2+sin(x)-1);
>> myfunl (1)
ans = 0.84147

o ZEHBEIEROA:

>> myfun2 = @(x,y) (X.72+y."2+x.*Vy);
>> [X,Y] = meshgrid(-10:10);
>> mesh (X, Y, myfun2 (X,Y))

Remark: The use of x.”2 instead of x”2 above
makes it possible to deal with the case when x
is @ matrix (or a vector or even a tensor).




HBEREI A IE Z=#%E < : fsolve

« To find roots of x2+sin(x)-1 =0, type as follows:

y=x"2+sin(x) -1

>> fsolve (@ (x) x"2+sin(x)-1, 1.0)

ans = 0.63673 #HA(E
>> fsolve (@ (x) x"2+sin(x)-1, -1.0)
ans = -1.4096 L

» “fsolve”(F5X SNICHMEZ R (CRFZIRULE T .

. BREESNAINEDNEIEZSNTEHIERN EHEMEIC
ﬁRD X9, 25 -1 0 1 2

20.1 Solvers  From https://www.gnu.org/software/octave/doc/

Octave can solve sets of nonlinear equations of the form
F(x)=20

using the function fsoLve, which is based on the MINPACK subroutine hybrd. This is an iterative technique
s0 a starting point must be provided. This also has the consequence that convergence is not guaranteed
even if a solution exists.

Function File: fsolve (fcn, X0, options)
Function File: [x, fvec, info, output, fjac] = fsolve (fcn, ...)
Solve a system of nonlinear equations defined by the function fcn.
fen should accept a vector (array) defining the unknown variables, and return a vector of left-hand

sides of the equations. Right-hand sides are defined to be zeros. In other words, this function
attempts to determine a vector x such that fen (x) gives (approximately) all zeros.

x0 determines a starting guess. The shape of x0 is preserved in all calls to fen, but otherwise it is
treated as a column vector.



\

Symbolic package M1 > X =)L

BUITFOR—Z(CEZ TESSymbolic package (CEH I 35N S DO TEESE
https://github.com/cbm755/octsympy

INVT—ZDA A —=JUEIRDOR—H5
“symbolic-win-py-bundle-2.6.0.zip"Z45 D> 0O— RUTHEET v LU NUICREEF
https://github.com/cbm755/octsympy/releases

LTIV RZIN RSA 2 ICAR:

>> pkg install symbolic-win-py-bundle-2.6.0.z1p
>> pkg load symbolic

~ N ANyl ol e s — — - ” - Iw http://www.wolframalpha.com
SUMILETEZITDICEERT "syms" AN RZED T gworfram
:/\//—I_\) bgé&%ﬁ%?% integrate[1/xA2]| =]

>> syms X
*5( >, X i‘%f . f:f: ax=-1 Note: Besides
B 2 LERIR: MATLAB/Octave, there are a

lot of symbolic computation
. , ‘ software, or computer
>> x"2+sin(x) -1 ' algebra systems; Wolfram
ans = (sym) " Mathematica is a popular one
2

X + sin(x) - 1


https://github.com/cbm755/octsympy

Symbolic package: F#5 %

- ZIT ORI TR factor

>> syms X
>> f=x"34+13*x"2-105*x+171;
>> factor ()
ans = (sym)
2
(x = 3) *(x + 19)

>> syms X Y
>> f=x"3*y-3*x"3-4*xN2* y+12* x"N2-3* x*y+9*x+18*y-54;
>> factor (f)
ans = (sym)
2
(x = 3) *(x + 2)*(y = 3)



Symbolic package: 73
- TIRILRBENZEROMS : diff

>> diff (x"2+sin(x)-1)
ans = (sym) 2*x + cos (x)

>> diff (exp(—-x*sin(x)))
ans = (sym)
-x*sin (x)
(-x*cos (xX) — sin(x)) *e



Symbolic package: REED
¢ DIRILERSHNIZBORES ; int

>> int (x"2+sin(x)-1)

ans = (sym)
3
X
-— — X — Co0s (x)
3

>> int (sin(log(x)))
ans = (sym)

x*sin (log (x)) X*cos (log (x))



Exercises 4.1

ROFTIENDEEETKO K
1 2 _{ — —
(sinz)“ exp ( 2) 0.1=0, (x>0

- B> b “fsolve” TEEL T IC(FBEHHEMEZHW\WDIMENSH D FET,
ZZT. MTFOOXY RTy=f(x)2T0Ov hF 3 & CRYURIEMERRST L TH
TLIZ2&0.

>> x=0:0.01:10;

>> y=sin(x) ."2.%exp(-x/2) - 0.1;

>> y0O=zeros (1, length(x));

>> plot (x,vy,x,vy0) ﬁ%ﬂjgﬁ:
gL KAV a-2y FAI-ISTU) £ TR
H LI

Email: hisashi.kino.al@tohoku.ac.jp
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